A highly sensitive immunochromatography test kit, ODK0501, was developed using specific polyclonal antibodies against the C-polysaccharide moiety of Streptococcus pneumoniae for the rapid detection of S. pneumoniae antigen in sputum samples. The clinical utility of ODK0501 for this detection was evaluated prospectively in 52 adult patients with respiratory infections and compared with that of a urinary antigen detection kit. Overall, 21 patients (40.4 %) showed positive results with ODK0501, compared with 16 patients (30.8 %) using the urinary antigen detection kit, and S. pneumoniae was cultured from 18 patients. ODK0501 and the urinary antigen detection kit exhibited a sensitivity of 94.4 and 55.6 % (P,0.01), respectively, and a specificity of 88.2 and 82.4 %, respectively. Eleven of thirteen patients with conflicting results between the two test kits exhibited consistent results for sputum cultures. Moreover, eight out of nine patients positive for ODK0501 and negative for the urinary antigen detection kit were S. pneumoniae culture-positive, including five who exhibited phagocytosis, indicating S. pneumoniae as a causative agent of infection, in Gram staining of sputum samples. These results suggest that the ODK0501 direct sputum detection kit is more clinically useful than the urinary antigen detection kit in adult patients with respiratory infections.
INTRODUCTION
Streptococcus pneumoniae is the most commonly detected causative agent of community-acquired pneumonia (File, 2003; Ishida et al., 2004; Llor et al., 2006; Saito et al., 2006) , which is well recognized as being potentially severe (Saito et al., 2006) . Mortality from this disease is particularly high in infants and the elderly, suggesting the need for an early appropriate pathogen-oriented therapy with antibacterial drugs after rapid identification of the causative agent. However, bacterial culture, the 'gold standard' for detection of causative micro-organisms, requires several days to yield results. Hence, empirical therapy is generally initiated prior to the availability of culture results, particularly in institutions without skilled laboratory personnel. Broad-spectrum antibiotics have been used increasingly, leading to the consequent development of drug-resistant bacteria. A simple and rapid technique for detecting S. pneumoniae is thus desirable. A urinary antigen detection kit for detecting S. pneumoniae antigens in urine (Binax) is commercially available for rapid diagnosis and has been widely used in clinical practice. However, it is associated with significant problems such as a high rate of false-positive results in children (Navarro et al., 2004) , lack of detection immediately after the onset of infection and long-term antigen-positive results regardless of treatment (Marcos et al., 2003; .
Here, we developed a rapid antigen detection kit (ODK0501) that can detect S. pneumoniae antigen in sputum samples within 25 min. This kit specifically detects the C-polysaccharide (C-ps) moiety of S. pneumoniae, a common antigen of S. pneumoniae strains. In addition, we report evaluations of the optimal processing of sputum samples, which directly reflect inflammation in the lower respiratory tract, and the clinical significance of ODK0501 for detecting S. pneumoniae antigen in sputum samples from adult patients with pneumococcal respiratory infections. Methods and sample collection. Single sputum and urine samples were collected from patients at the time when a presumptive diagnosis of infection was made, and were refrigerated at 4 uC until analysis. The appearance of each sputum sample was assessed according to the classification scheme of Miller & Jones (1963) . Sputum sample quality was evaluated by assessing the number of inflammatory and epithelial cells; samples were considered viable if there were at least 10 epithelial cells and .25 polymorphonuclear leukocytes per microscope high-power field, in accordance with the criteria of Murray & Washington (1975) . Sputum samples were analysed by Gram staining, culture and the ODK0501 test kit, while the urine samples were assessed using the commercially available Binax NOW S. pneumoniae urinary antigen detection kit.
Principles of measurement with ODK0501. ODK0501 is an immunochromatography method for detecting C-ps, a common antigen of S. pneumoniae that has the same structure in all S. pneumoniae strains regardless of serotype (Skov Sorensen, 1995) . Initially, application of samples onto the ODK0501 test kit through a dropping window causes a reaction of the C-ps in the samples with anti-pneumococcal C-ps colloidal gold-labelled rabbit polyclonal antibody forming an antigen-antibody complex. The resulting immunoconjugates are transferred via capillary action to the upper membrane and captured by the anti-pneumococcal C-ps solid-phase rabbit polyclonal antibodies, thereby forming sandwich conjugates in the sample. The eventual presence of a visually detectable red test line derived from colloidal gold particles on the membrane indicates the presence of C-ps. In contrast, anti-pneumococcal C-ps rabbit polyclonal antibodies that are not bound to C-ps passed through the test line and are captured by solid-phase goat anti-rabbit IgG antibodies on the control line, forming a red line (Fig. 1 ).
Measurement and interpretation of results obtained with ODK0501. A swab used to collect sputum was placed in a tube containing a sample extract solution; the tube was then shaken with the swab tip, with the tube pinched around the top. After leaving the tube to stand for 5 min, the swab tip was removed while squeezing the tube. Next, a filter was mounted on the tube and the extract was dropped onto the test kit. Approximately 20 min later, the results were assessed; a positive test result was indicated by the presence of the red test and control lines, whereas a negative test result was indicated by the presence of only the control line.
Measurement and interpretation of results obtained with the urinary antigen detection kit. These were conducted in accordance with the manufacturer's guidelines (Dominguez et al., 2001 ).
Culture techniques. Gram staining was performed using conventional methods, following incubation of cultures at 37 uC for 24 h on blood and chocolate agar. After incubation, the presumptive colonies of S. pneumoniae were picked and identified.
Determination of the limit of detection. The limit of detection of ODK0501 was determined using purified C-ps, due to differences in bacterial loads among S. pneumoniae cultures. A C-ps solution was Fig. 1 . Principles of measurement with the ODK0501 sputum antigen detection test kit. Application of an extract of sputum samples onto the ODK0501 kit through a dropping window causes a reaction of S. pneumoniae antigen (C-ps) with antipneumococcal C-ps polyclonal antibodies. The resulting immunoconjugates are transferred to the upper membrane, and captured by the anti-pneumococcal C-ps solid-phase polyclonal antibodies, thereby forming sandwich conjugates in the sample. A positive test result is indicated by the presence of both a test and a control line, whereas a negative result is indicated by the appearance of only a single control line. , and then diluted fourfold to 0.75 ng ml 21 and eightfold to 0.375 ng ml 21 using a sample extraction reagent. The three C-ps solutions were then measured using the sputum test kit and the presence or absence of lines was interpreted visually. A previous study confirmed that an extract of 0.75 ng ml 21 is equivalent to 1.3610 4 c.f.u. S. pneumoniae ATCC 49619 ml 21 (data not shown).
Confirmation of cross-reactivity. A total of 60 potential crossreactants, including 41 microbes (30 species) and 19 viruses (7 species) (Table 1) , were measured using the ODK0501 kit, and the presence or absence of cross-reactivity was interpreted visually.
Examination of methods for sputum sample collection: effects of solvents on detection of S. pneumoniae antigen in sputum.
Prior to examination of the methods for sputum sample collection, the effects of solvents on the detection of S. pneumoniae antigen in sputum were assessed using pneumococcal cultures. A pneumococcal suspension was prepared at a concentration of 6.5610 6 c.f.u. ml 21 in PBS, and then mixed and prepared with various sputum solvents at the ratios indicated below. Each prepared solution was added to 25-500 ml extraction reagent included in the kit and measured. The intensities of the lines obtained were determined using a densitometer for quantitative evaluation of the effects of the solvents. Sputum solvents were processed using four methods. In the first method, 200 ml Sputazyme (Kyokuto Pharmaceutical) was mixed with 100 ml pneumococcal suspension and the mixture was left to stand for 15 min at room temperature. In the second method, 200 ml sodium citrate at a final concentration of 50 mM, 0.5 M NaOH and 31 mM N-acetyl-L-cysteine (NALC) (Wako Pharmaceutical) were mixed with 100 ml pneumococcal suspension. In the third method, 200 ml NALC at a final concentration of 31 mM prepared with saline solution was mixed with 100 ml pneumococcal suspension. In the fourth method, 200 ml phosphate buffer solution was added to 100 ml of the directly collected sputum culture diluent and the mixture was suspended.
Examination of methods for sputum sample collection: evaluation of sputum. The Sputazyme method described above was compared with the direct collection method using four different sputum samples. Sputazyme solution was prepared in equal, twofold and threefold quantities relative to the sputum and then assessed. The direct collection method involved directly collecting the sputum samples using the swabs included in the kit.
Statistical analysis. Comparison of the sensitivity and specificity of ODK0501 and the urinary antigen detection kit were performed using Fisher's exact probability test. Nominal values of P,0.05 were considered statistically significant.
RESULTS AND DISCUSSION
The newly developed test kit ODK0501 is non-invasive, as sputum is used as the test sample. ODK0501 detects a common antigen of all types of S. pneumoniae, regardless of the capsule serotype.
Limit of detection and cross-reactivity
Positive results were observed in all sample extracts at C-ps concentrations of 3.0, 0.75 and 0.375 ng ml
21
. However, as the coloured lines of weak intensity obtained with the extracts at 0.375 ng ml 21 caused difficulty in the interpretation of the results, the limit of detection of ODK0501 was considered to be 0.75 ng ml 21 . The urinary antigen detection kits detected the extracts at C-ps concentrations of 0.375 ng ml 21 , the same as the ODK0501 kit (data not shown). Cross-reactivity was assessed towards various sample extracts from 41 microbes (30 species) other than S. pneumoniae and 19 viral strains (7 species) including major causative agents and viruses of respiratory infections such as intraoral microbes. Cross- , suggesting that crossreactivity may only be a problem in patients with high bacterial loads. No cross-reactivity was found for the remaining 39 microbes and 19 viral strains (Table 1) . No cross-reactivity was detected for Streptococcus oralis or Streptococcus mitis, both of which are known to react with the Binax NOW urinary antigen detection kit for S. pneumoniae (Murdoch & Reller, 2003) . We consider that the difference in cross-reactivity of both kits is due to the characteristics of the antibodies rather than their sensitivity. It is also difficult to rule out the possibility of carriage.
Examination of the processing of sputum samples S. pneumoniae antigens were detected with the Sputazyme, NALC/saline and direct collection processing methods, but not with the NALC/NaOH method (Fig. 2a) . Moreover, comparison of the line intensities among the three methods indicated that the Sputazyme method (including centrifugal processing) and direct collection method were optimal for processing. A comparison of the Sputazyme method with the direct collection method using four different sputum samples is shown in Fig. 2(b) . Three different sputum samples (samples 2-4) exhibited almost the same line intensities with both methods, whereas a lower line intensity was obtained for sputum sample 1 with the direct collection method. Thus, considering the rapidity and simplicity of processing, direct collection of purulent sputum from patients using a swab, based on the guidelines for the use of ODK0501, appeared to be the optimal method. The present study confirmed that, in addition to direct sample collection of purulent sputum using a swab, other sampling methods involving dissolution of specimens in sputum solvents are also appropriate for assessment using ODK0501. The antigen-antibody reaction may be inhibited by NaOH in the NALC/NaOH method, indicating that this method cannot be used for sample processing with ODK0501. On the other hand, specimens processed with the Sputazyme method frequently used for sputum cultures yielded acceptable results.
Comparison of the sensitivities and specificities between ODK0501 and the urinary antigen detection kit
The 52 patients were clinically diagnosed with respiratory infections such as acute bronchitis (n56), acute exacerbation of chronic respiratory tract infection (n514) and pneumonia (n532). S. pneumoniae culture-positive patients included 4 with acute exacerbation of chronic respiratory tract infection (28.6 %) and 14 with pneumonia (43.8 %). In these patients, based on sputum culture results, ODK0501 exhibited a high sensitivity of 94.4 % (17/18) and a specificity of 88.2 % (30/34), whereas the urinary antigen detection kit exhibited a sensitivity of 55.6 % (10/18) and a specificity of 82.4 % (28/34) ( Table 2) . Thus, the two tests produced almost the same specificity, but the sensitivity of the urinary antigen test kit was Effects of solvents on diluted sputum were evaluated using four different sputum samples: black bars, Sputazyme at an equal quantity relative to sputum; dark-grey bars, Sputazyme at a twofold quantity relative to sputum; light-grey bars, Sputazyme at a threefold quantity relative to sputum; white bars, direct collection using a swab. New detection kit for S. pneumoniae antigen approximately 40 % lower than that of ODK0501.
Comparisons of the sensitivities and specificities between the two test kits revealed a statistically significant difference in the sensitivity (P,0.01, two-tailed Fisher's exact probability test).
We developed and evaluated the new ODK0501 detection kit for S. pneumoniae antigens in sputum. Data regarding the possibility of false-positive carriage results are very important. However, the incidence of pneumococcal carriage in adults is very rare, e.g. 4 % in nasopharyngeal and/or oropharyngeal samples (Lieberman et al., 2006) . In some elderly individuals, infants and children, asymptomatic carriage of S. pneumoniae can be detected in the nasal cavity, and the nasopharyngeal and intraoral regions (Abe et al., 2001; Hamer et al., 2002) . In this study, we evaluated only adult patients with respiratory tract infections, because of the difficulty of collecting sputum in children.
Among 13 adult patients with conflicting results for the 2 tests, 9 had positive results with ODK0501 and negative results with the urinary antigen detection kit, 8 of whom were S. pneumoniae culture-positive, including 5 who exhibited phagocytosis of Gram-positive bacteria after Gram staining. In contrast, four patients exhibited negative results with ODK0501 and positive results with the urinary antigen detection kit, and only one of these patients was S. pneumoniae culture-positive with no phagocytosis of Gram-positive bacteria (Table 3) . Of the 12 patients who were S. pneumoniae culture-positive with phagocytosis of Gram-positive bacteria, all were positive using the ODK0501 kit, whereas only 8 patients were positive using the urinary antigen detection kit. Thus, the ODK0501 direct sputum detection kit can discriminate the causative agent from its indigenous colonies in adult patients with S. pneumoniae infection. The false-negative results for urinary antigen detection in at least five patients who were S. pneumoniae culture-positive with phagocytosis of Grampositive bacteria represent a significant problem for the urinary antigen detection kit. ODK0501 could sensitively detect C-ps antigen in S. pneumoniae culture-positive sputum specimens. ODK0501 may thus be useful for a clinically rapid and supportive diagnosis of pneumococcal infection in combination with clinical symptoms and the appearance of sputum.
Detection of C-ps in sputum samples using ELISA has been reported in studies dating back to the late 1980s through to the early 1990s (Krook & Holmberg, 1987; Burman et al., 1991) . Although ELISA has a high sensitivity, it is complex and requires considerable skill. Moreover, the extended time required for the assay hampers its routine use in the clinical management of critical pneumonia infections, such as those caused by S. pneumoniae or Legionella pneumoniae. Rapid methods using an immunochromatography detection kit for S. pneumoniae or L. pneumoniae antigens in urine samples have been developed more recently (Dominguez et al., 2001) . We consider that using the detection kit ODK0501 for analysing sputum samples obtained from local sites of infection will be extremely useful for detecting the causative S. pneumoniae in respiratory infections.
In conclusion, we have described here a test kit for rapid detection of antigen from S. pneumoniae, the most common causative agent of pneumonia, in sputum samples, and its application to the diagnosis of respiratory infections. S. pneumoniae is a Gram-positive diplococcus, whose surface is covered by a cell wall surrounded by a capsule, which provides strong resistance to bactericidal phagocytosis. The capsule consists of a capsular polysaccharide with various structures (Skov Sorensen, 1995) and its serotypes are classified into 90 subtypes according to the type of capsule (Henrichsen, 1995) . As previous tests conducted to detect capsular polysaccharide have been associated with problems, such as lack of coverage of all serotypes and insufficient sensitivity of detection (Harding et al., 1979; Leeming et al., 2005) , a new assay with high sensitivity that is rapid and easy to perform is needed. The urinary antigen detection kit based on immunochromatography analysis has been used as a rapid diagnostic test for S. pneumoniae. Its principle of measuring a common antigen of S. pneumoniae enables all types of S. pneumoniae to be detected, regardless of capsule serotype. In addition, the test kit is non-invasive, as urine is used as the test sample, and it has therefore been widely used in clinical practice. However, it has been associated with problems including false-positive results in children with a high likelihood of detection of indigenous S. pneumoniae (Dowell et al., 2001) , detection of S. pneumoniae antigens for approximately 1-3 months in some patients even after treatment (Marcos et al., 2003; Murdoch et al., 2003a) and difficulty in determining whether positive test results are due to true infection or a reflection of colonization in some patients. Furthermore, the test has been reported to exhibit a variable but relatively low sensitivity of 50-80 % (Dominguez et al., 2001; Gutiérrez et al., 2003; Murdoch et al., 2001 ), leading to a need for a further increase in the test sensitivity.
In adult patients with S. pneumoniae infection, the newly developed test kit ODK0501 can immediately provide highly sensitive results, demonstrating the presence of S. pneumoniae in sputum, as sputum derived from a local region of infection is used as the test sample. We suggest that this test will be very useful both for rapid diagnosis with differentiation from indigenous agents and for determining the choice of appropriate antimicrobial agents for treatment of respiratory tract infections in clinical practice. Future studies will be necessary to compare ODK0501 results using sputum samples from individuals who also test positive for nasopharyngeal carriage of S. pneumoniae with those who test negative for pneumococcal carriage.
